Introduction
============

Parvovirus B19 is a small, single-stranded, non-enveloped DNA virus which is pathogenic to humans and can result in a wide array of clinical complications[@R1]. It is generally harmless in healthy individuals but may have a serious clinical outcome in susceptible recipients such as patients with shortened red cell survival such as Sickle cell disease and thalassemia major patients, immunocompromised patients and pregnant women[@R2]. Parvovirus B19 has been shown to be transmissible by blood transfusion[@R3] but donor screening for the virus is not yet mandatory in most sub-Saharan African countries including Zambia. There is need therefore, to establish the occurrence of this virus in the donor population and establish the possible implications on the recipient population which includes the high risk SCD patients and pregnant women.

The pathogenesis of disease in parvovirus B19 infections may be attributed to direct infection or effects on particular cell types, and also effects as a result of the specific acquired immune response[@R4]. Patients with haematological disorders are at risk of severe clinical illness due to parvovirus and this is especially common in chronic haemolytic anaemia such as sickle cell disease, thalassemias and hereditary spherocytosis. In these diseases erythroid progenitor cell formation is increased to compensate for red blood cell lysis and B19 infection can suppress erythropoiesis and induce acute erythroblastopenia, which is often referred to as transient aplastic crisis.[@R5]

Studies have shown that by 15 years of age, about 50% of the general population are positive for parvovirus B19 Ig G antibodies[@R6], and more than 70% adults have measurable levels of B19-specific Ig G antibodies[@R7]. Human parvovirus B19 causes significant morbidity and mortality in children with sickle cell disease[@R8]. The sickle cell disease trait is in 18% of the general population in Zambia[@R9] but little data has been published about the epidemiology of B19V infection and its associated complications in this patient population.

The following were the objectives of the study ;

**General objective**

-   To determine the seroprevalence of parvovirus B19 infections among healthy blood donors at the Kitwe Central Hospital blood bank.

**Specific Objectives**

-   To detect parvovirus B19 IgM antibodies in donor blood using serology.

-   To analyse the age and sex distribution of parvovirus among blood donors.

Materials and methods
=====================

The study was a cross-sectional type of study involving serological assessment of parvovirus B19 infection in blood donors. The study was conducted at Kitwe Central Hospital blood bank and Tropical Disease Research Centre (TDRC) in Kitwe and Ndola, respectively. Systematic random sampling was used to collect samples. All blood donor samples from healthy voluntary blood donors at KCH Blood Bank were included in the study. Healthy blood donors were considered as those found asymptomatic at donor interview screening stage and those that tested seronegative for all transfusion transmissible infections screened at the blood bank such as hepatitis and HIV. Blood donor samples found to have other transfusion transmissible infections such as Hepatitis and HIV were excluded from the study.

Sample size
-----------

A total of 192 samples required were calculated using the formula for sample size estimation of a prevalence study and the finite population correction factor.

There is no known prevalence of parvovirus B19 in Zambia therefore an estimated 50% prevalence was assumed. The formula for sample size estimation for a prevalence study was used as shown below; $$\text{n} = \frac{\text{Z}^{\text{2}}\text{~P}(1 - \text{P)}}{\text{d}^{\text{2}}}$$

Where; n = sample size

Z = z-statistic for a level of confidence

P = expected prevalence

d = precision

Therefore $\begin{array}{l}
{\text{n} = \frac{\text{1}\text{.96}^{\text{2}} \times 0.5(1\text{-}0.5)}{0.005^{\text{2}}}} \\
{\text{n} = 384} \\
\end{array}$

For the level of confidence of 95%, which is conventional, Z value is 1.96. P is the proportion (prevalence to be estimated) by the study. As there is no known prevalence in Zambia an estimated prevalence of 50% (expressed as a proportion of 1 i.e. 0.5) was used to get the largest possible sample size. Assuming that the prevalence of the disease will lie between 10% and 90% a precision of 5% (expressed as a proportion of 1 i.e 0.005) was used. This precision will give the width of 95% CI as 10%. (Naing et al, 2006).

Finite population correction factor
-----------------------------------

When the sample represents a significant (e.g. \> 5%) proportion of the population, a finite correction factor can be applied. This reduced the sample size required
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=192 samples

Collection of blood sample
--------------------------

Whole blood was collected in plain red top containers and spun in a centrifuge to separate serum; the serum was collected using micropipette and transferred into storage vials for future analysis. At least 5ml of serum was stored in each vial and stored at −20°C.

Parvovirus B19 Ig M ELISA test protocol
---------------------------------------

Human Parvovirus B19 Ig M levels in blood serum were determined using a competitive human parvovirus B19 IgM immunoassay from mybiosource, USA. Samples were diluted with sample diluents and additionally incubated with Ig G-RF-sorbent, containing hyper immune anti-human Ig G-class antibody to eliminate competitive inhibition from specific Ig G and to remove rheumatoid factors. This pre-treatment avoided false negative or false positive results. Microtiter wells as a solid phase are coated with Parvovirus B19 antigen. Pre-treated samples and ready-for-use controls were pipetted into these wells. During incubation Parvovirus B19-specific antibodies were bound to the immobilized antigens. After a washing step to remove unbound sample and control material horseradish peroxidase conjugated anti-human Ig M antibodies were dispensed into the wells. During a second incubation, the anti-Ig M conjugate bound specifically to Ig M antibodies resulting in the formation of enzyme-linked immune complexes. After a second washing step to remove unbound conjugate the immune complexes formed (in case of positive results) were detected by incubation with TMB substrate and development of a blue colour. The blue colour turned into yellow by stopping the enzymatic indicator reaction with acidic solution. The intensity of this colour was directly proportional to the amount of Parvovirus B19-specific Ig M antibody in the sample. Absorbance at 450 nm was read using an ELISA microtiter plate reader.

Ethical considerations
----------------------

Ethical clearance was obtained from the University of Zambia Biomedical Research Ethics Committee (UNZABREC) before the commencement of the study. There was no direct contact with the patient as only routine samples were used for the study and hence anonymity of participants was upheld.

Data analysis
-------------

Analysis of the data was performed using IBM SPSS Statistical version 20 for Microsoft and Microsoft Excel 2011. All statistical tests were performed at 5% significance level or 95% confidence interval with p-value of \<0.05 to determine statistical significance. The chi square test was used to ascertain the correlation of age and gender with parvovirus B19 infection. Prevalence ratio was also used to calculate the prevalence percentages of anti-B19 IgM antibodies according to age and sex.

Results
=======

There was a predominance of male donors observed in this study with a percentage of 69.2% compared to 30.8% of the female donors. The mean age of the randomly selected participant donors was 22 years (ranging from 15 to 53 years), of which the highest percentage were of age group 15--22 years (67.2%).

Discussion
==========

Human parvovirus B19 is a single stranded DNA virus which is transmitted to susceptible individuals via respiratory secretions and contaminated blood or blood products. Post-transfusion transmission of human parvovirus B19 is an established problem globally.[@R10] Immunocompromised individuals might fail to eradicate the virus resulting in a state of chronic anaemia.[@R11] There is no published data on the prevalence of parvovirus B19 in Zambia. The current study aimed at addressing this gap by using ELISA for screening blood donors to determine seroprevalence rate of parvovirus B19 acute infections using antihuman globulin titres (Ig M) in healthy blood donors. We also postulated in the risks and challenges for blood transfusion in the era of HIV/AIDS at Kitwe Central Hospital in Zambia.

The majority of the donors in this study were males representing 70% of the total donors screened. This picture is similar to most blood banks around most of Africa. In a similar study conducted by Kumar et al in India in 2013, 98% were male and only 2% were females.[@R12] Another study done in Nigeria in 2013 by Musa et al had 94.3% male donors against 3.4% females.[@R10] This variation in between male and female donor may be attributed to the fact that women are excluded due to pregnancy and lactation. However, the main cause for asking women to defer from giving blood is believed to be because they generally have low haematocrit or low iron levels. This study showed no significant statistical correlation between gender and parvovirus B19 infection (P value=0.516)

More than 50% of the donors in this study were aged between 15--22 years. The mean age of the donors was 22 years and the oldest donor was 53 years old. A study conducted in Nigeria to establish blood donor practices showed a similar age group pattern. In this study ages of prospective donors ranged from 15 years to 56 years with a mean age of 27.89 years and over 65% of the donors were aged between 21 to 30 years. There was no significant statistical correlation between age and Parvovirus B19 infection in this study (P value=0.703). Some studies have noted an increase in seroprevalence of the virus with age[@R13]. A study by Emiasegen et al in 2011[@R14] reported increase in seroprevalence with age as well as the reviews of Heegard and Brown in 2002[@R15] and Kaur and Basu in 2005[@R16]. In this study however, there was a decrease in seroprevalence with increase inage. The difference in sampling populations may be a factor of this difference. The study by Emiasegen et al for example used pregnant women as opposed to the blood donors used in this study. The findings of this study however, agree with that of Emiasegen et al[@R14], and most other studies in the sense that age had no statistically significant effect on Human Parvovirus infection.

Our study revealed a high prevalence of 15.6% for acute infections of Parvovirus B19 in our blood donor community. The prevalence of Ig M to B19 in blood donors or in other healthy populations is usually below 2%, but it can be higher depending on the time of study in relation to the epidemic cycle.[@R12] Doyle and his co-worker found seroprevalence of 1% prevalence among American blood donors[@R17] while Munoz reported 0% in Spanish blood donors[@R18]. In addition to geographical and seasonal variations, differences in sampling methods, population size and assay methods are likely causes of the differences in seroprevalence rates observed. A study done in Nigeria using parvovirus Ig M ELISA showed a prevalence rate of 14.8%[@R10] which is comparable to the one observed in this study.

The risks of having a higher prevalence of Parvovirus B19 infections in donated blood is a threat to the health of the blood recipients, who are in many circumstances immunocompromised such as children, sickle cell disease patients, cancer patients, pregnant women and those with acquired immunodeficiency\'s like HIV. Transfusing blood contaminated with Parvovirus B19 compromises the health of immunodeficient patients who may later become chronically infected[@R19]. During pregnancy, the virus can be transmitted in utero which can sometimes lead to abortions or hydrops fetalis[@R20]. It can also cause serious complications such as aplastic crises, pneumonia and multi organ damage[@R21]. The prevalence of HIV in Zambia is relatively high (14.3% among adults), around 1.2 million people in Zambia are living with HIV[@R22]. Because of the increase in the HIV rates in Zambia, there are so many opportunistic infections that make one susceptible to many diseases and cancers that eventually lead to one needing blood because of haematological disorders. Patients with haematological disorders are at risk of severe clinical illness[@R23]. Parvovirus B19 in sickle cell may persist and lead to chronic anaemia. The sickle cell trait is present in approximately 18% of the general population in Zambia[@R9]. Cancer patients are also at risk of contracting the Parvo B19 virus especially because they need multiple courses of chemotherapy, and this has to be done when the haemoglobin levels are normal and so blood is usually transfused in them frequently. In immune-compromised patients, Parvovirus B19 is associated with glomerulonephritis, myocarditis and hepatic failure which complicates their treatment and condition[@R24].

In healthy hosts, B19 infection is generally harmless and causes self-limiting sub-clinical erythroid aplasia, followed by rash or arthralgia. Nevertheless, in patients with diminished production or increased loss of erythrocytes, B19 infection results in a severe drop in haemoglobin levels and in anaemia, this could be life-threatening. It has been recognized as a cause of cytopaenia in immunocompromised patients, including organ transplant recipients, patients with congenital and acquired immunodeficiency, and cancer patients[@R25].

The mandatory screening of donated blood for parvo B19 virus infections should be introduced in Zambia especially that there is an increase in the number of HIV/AIDS, cancers, haematological conditions and pregnancies. Close monitoring of high risk groups for viral infection is important for disease prevention.

Conclusion
==========

This study showed a 15.6 % prevalence rate of acute parvovirus B19 infections in healthy blood donors at the Kitwe Central Hospital, blood bank. The risks and challenges of a high prevalence to this problem is that human B19V is contagious. If left unhandled, the infections can even be transmitted in the household, at day cares and in schools without being observed. It poses an adverse transfusion risk especially in high risk group of patients that need blood transfusion. This is so because parvovirus B19 affects the erythroid progenitor cells, which are found in human bone marrow, fetal liver, human umbilical cord and peripheral blood. The high risk group includes pregnant women, Rh isoimmunised pregnancies requiring intrauterine transfusion, patients with congenital or acquired haemolytic anaemia and patients with cellular immunodeficiency who have no detectable antibodies to B19.

Recommendations
===============

Statistical tests however show that there is no association with sex or gender and parvovirus B19 infection. A lack of data on the burden of parvovirus B19 on our population is a major concern. The findings from this study suggest the need to conduct a national level seroprevalence of human parvovirus B19 among blood donors as a matter of public health concern. Secondly, the Zambia National Blood Transfusion Service (ZNBTS) should consider routine screening of blood donors for B19 to avoid contaminated transfusion, particularly for immune compromised patients. The risks of transfusing contaminated blood with B19 increases on the risks of the blood recipients to have many conditions that will threaten their health. Patients other than those in the high-risk groups would continue to receive blood products that have been produced in accordance with current safety criteria.

![Parvovirus b19 Ig M in different age groups\
17.8 % of the donors aged 15--22years tested positive for HPV B19 Ig M antibodies, followed by 13.5% of 23--30 year olds, the 39--46 year olds had the least prevalence. No positive case was detected in the those over 47 years. P value=0.703](AFHS1803-0496Fig1){#F1}

###### 

Human Parvovirus B19 Ig M Serology

  Frequency                 
  -------------- ---------- -----
  HPV B19 Ig M   Negative   162
  Positive       30         
  Total          192        

Table 1: Out of a total 192 blood donors 30 tested positive for HPV B19 Ig M, representing 15.6% prevalence.

###### 

Prevalence of anti-B19 Ig M antibodies according to age and gender

  ----------------------------------------------------------------
  Age           Sex distribution   B19-Ig M antibodies\        
                                   positive                    
  ------------- ------------------ ---------------------- ---- ---
  15--22years   91                 38                     18   5

  23--30        26                 11                     3    2

  31--38        10                 3                      1    0

  39--46        7                  5                      0    1

  \>55          0                  1                      0    0

  Total         134                58                     22   8
  ----------------------------------------------------------------

Table 2: As the age increased, the positivity for anti B-19 Ig M decreased in the males and females. Although the prevalence of antibodies (Ig M) were higher in males, the age specific prevalence did not differ significantly (P Value \> 0.05).
